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(54) PRODUCTION OF PROTECTIVE FILM OF MAGNETIC RECORDING MEDIUM AND 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a dense DLC(diamondlike 
carbon) film excellent in wear and friction resistances on a tape at 
a high speed by generating a negative self-bias voltage on the 
surface of a tape and attracting ions. 

SOLUTION: A vacuum vessel 1 is evacuated, gaseous ethylene is 
introduced into the vessel 1 from the gaseous starting material 
inlet 14 and a Co vapor deposited tape as a magnetic recording 
medium is passed along a main roll 6 after passing along a middle 
roll 4, through a bombardment chamber 1 5 for surface cleaning and 
along an expanded roll 5. A DLC film is formed on the magnetic 
tape on the roll 6 and the tape is wound around a winding roll 9 
after passing along an expanded roll 7 and a middle roll 8. The DLC 
film is formed at a high rate of film formation by applying high- 
frequency potential to the roll 6, causing magnetron discharge and 
further accelerating the discharge decomposition of ethylene. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach for forming a diamond-like carbon film as a protective coat on the tape 
on which the magnetic-recording medium was formed In case this diamond-like carbon film is formed on it, 
transporting this tape within ****** which has an exhaust air system Generate a magnetic field near [ a tape 
front face ] this as a plasma enhancement means for promoting disassembly of coal-for-coke-making-ized 
hydrogen gas, and the count of a collision of the electron and coal-for-coke-making-ized hydrogen gas which 
were caught by that cause is made [ many ]. RF potential is impressed to the main roller for enlarging the 
formation rate of this diamond-like carbon film, and transporting this tape. Make discharge cause between this 
main roller and an anode plate, and coal-for-coke-making-ized hydrogen gas is made to disassemble into it. The 
manufacture approach of the magnetic-recording medium protective coat characterized by making this tape 
front face produce a negative auto-bias electrical potential difference, drawing a hydrocarbon ion kind, carbon 
ion, and a hydrogen ion, and forming a precise diamond-like carbon film. 

[Claim 2] The manufacture approach of the magnetic-recording medium protective coat according to claim 1 
characterized by arranging a permanent magnet or an electromagnet inside the main roller for sticking and 
transporting the tape on which the above-mentioned magnetic-recording medium was formed, producing a 
magnetic field near [ a tape front face ] this, and this reinforcing the plasma. 

[Claim 3] The manufacture approach of the magnetic-recording medium protective coat according to claim 1 or 
2 characterized by impressing the RF potential of 100kHz - 13.56MHz to the above-mentioned main roller, 
making discharge cause between the anode plates arranged so that this main roller and it may be countered, 
making coal-for-coke-making-ized hydrogen gas disassemble, and making a tape front face produce a negative 
auto-bias electrical potential difference. 

[Claim 4] The above-mentioned coal-for-coke-making-ized hydrogen gas Methane, ethane, a propane, butane, a 
pentane, A hexane, a heptane, an octane, NANON, Deccan, an undecane, a dodecane, saturated hydrocarbon 
like an eicosane, Or ethylene, acetylene, a propylene, unsaturated hydrocarbon like methylacetylene, Or the 
manufacture approach of the magnetic-recording medium protective coat according to claim 1 to 3 which shifts 
and is characterized by the thing to choose from benzene, toluene, and aromatic hydrocarbon like naphthalene, 
and which is the simple substance gas or those mixed gas from that hydrocarbon. 

[Claim 5] The manufacture approach of the magnetic-recording medium protective coat according to claim 1 to 
4 characterized by introducing the simple substance gas or those mixed gas of hydrogen, nitrogen, oxygen, or 
an argon into installation and coincidence of the above-mentioned coal-for-coke-making-ized hydrogen gas. 
[Claim 6] It is the manufacturing installation of the magnetic-recording medium protective coat which the main 
roller and the anode plate for sticking and transporting this tape into ****** which has an exhaust-air system in 
the manufacturing installation for forming a diamond-like carbon film in the tape on which the magnetic- 
recording medium was formed as a protective coat are arranged, and a magnet is arranged inside this main 
roller, and is characterized by to be fixed and for this magnet to become so that it may not rotate with a 
revolution of this main roller. 

[Claim 7] The manufacturing installation of the magnetic-recording medium protective coat according to claim 
6 characterized by countering the above-mentioned main roller and an anode plate being arranged, and making 
discharge cause between this main roller and this anode plate, making coal-for-coke-making-ized hydrogen gas 
disassemble with the RF potential impressed to this main roller, and making the front face of this tape produce a 
negative auto-bias electrical potential difference. 
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[Claim 8] The above-mentioned anode plate is the manufacturing installation of the magnetic-recording 
medium protective coat according to claim 6 or 7 characterized by having two or more blowout holes for 
introducing coal-for-coke-making-ized hydrogen gas in ****** m 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach and manufacturing installation 
which the diamond-like carbon film (the DLC film is called hereafter.) excellent in endurance is already, and 
form it at a rate, in order to protect the magnetic-recording medium formed on the plastic film from wear, 
breakage, etc. 
[0002] 

[Description of the Prior Art] Recently, as a magnetic-recording medium, to the old spreading mold tape, the so- 
called vacuum evaporationo magnetic tape which forms a ferromagnetic metal or the thin film of an alloy on a 
plastic tape attracts attention, and it is called the ultimate magnetic-recording medium. However, a vacuum 
evaporationo magnetic tape receives wear and breakage by sliding with the magnetic head. This is prevented, 
and as a protective coat which realizes the magnetic-recording medium excellent in endurance, it is hard and 
can be called the candidate ingredient with which lubricity was also most excellent in the good DLC film. 
[0003] As a method of forming the conventional DLC film, there are various approaches, such as the ion beam 
method, a RF plasma-CVD method, and the sputtering method. However, since any technique has the slow 
membrane formation rate, it is unapplicable ability as a method of forming the tape top is already and it runs 
with a production rate. 

[0004] The example of the membrane formation rate of DLC as a conventional technique is as follows, a 
vacuum — according to 322 the 30th volume (1987) — the RF magnetron sputtering method — as reactant gas — 
the mixed gas of methane and hydrogen ~ moreover, at the target, the DLC film has been obtained at the 
membrane formation rate of 14-49A / min using graphite. Moreover, according to this paper, the membrane 
formation rates in ion beam vacuum evaporationo are 2.7-1 0.7A / min, and are slower than the sputtering 
method. 

[0005] as the example of a RF plasma-CVD method — Journal of Applied Physics — as the 65th volume (1989) 
was indicated by 3914, the membrane formation rate of a maximum of 220A / min obtains, using methane as 
reactant gas - having — ****-- this membrane formation rate — the case of the ion beam method or the 
sputtering method — already — it is — ** However, it cannot be used for formation of the DLC film to the tape 
top it runs by being high-speed also with this speed. 
[0006] 

[Problem(s) to be Solved by the Invention] In formation of the conventional DLC film, as for the membrane 
formation rate, a maximum of 220A / min is obtained by RF plasma C VD as mentioned above. 
[0007] The case where the DLC film is formed on the tape it runs at this membrane formation rate is 
considered. If field die length in which the DLC film is formed is set to lm, at the time of the membrane 
formation rate of 220A / min in a fixed substrate, it will become the dynamic membrane formation rate of 
220x1 Am/min. On the other hand, as thickness of the protective coat of the vacuum evaporationo magnetic tape 
as a magnetic-recording medium, in order to press down spacing loss, about 100A or less is made suitable. 
Therefore, it will become 2.2 m/min if the tape travel speed for obtaining the DLC film of 100A thickness is 
counted backward from the dynamic membrane formation rate of above-mentioned 220Am/min. Although the 
trial by the laboratory scale is enough, if it takes into consideration being used abundantly at the digital 
magnetic-recording age when a vacuum evaporationo magnetic tape should come, the production scale of this 
tape travel speed is very inadequate, and it cannot be applied, the case of a production scale ~ general — 5 or 
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more times of this speed — that is, 10 or more m/min of tape travel speeds of 10 - 300 m/min extent is required 
preferably. In this case, as a dynamic membrane formation rate, more than lOOOAm/min, although it is 1000- 
30000Am/min preferably, this cannot respond with the formation technique of the conventional DLC film. 
[0008] This invention solves the trouble which the above conventional techniques have, and aims at offering the 
possible approach of the DLC film excellent in antifriction and a friction property being very already, and 
forming it at a rate as a protective coat of a vacuum evaporationo magnetic tape, and the equipment for it. 
[0009] 

[Means for Solving the Problem] In the manufacture approach for the manufacture approach of the magnetic- 
recording medium protective coat of this invention to form the DLC film as a protective coat on the tape on 
which the magnetic-recording medium was formed In case this DLC film is formed on it, transporting this tape 
within ****** which has an exhaust air system Generate a magnetic field near [ a tape front face ] this as a 
plasma enhancement means for promoting disassembly of coal-for-coke-making-ized hydrogen gas, and the 
count of a collision of the electron and coal-for-coke-making-ized hydrogen gas which were caught by that 
cause is made [ many ]. RF potential is impressed to the main roller for enlarging the formation rate of this DLC 
film, and transporting this tape. It is characterized by making discharge cause between this main roller and an 
anode plate, making coal-for-coke-making-ized hydrogen gas disassemble, making this tape front face produce 
a negative auto-bias electrical potential difference, drawing a hydrocarbon ion kind, carbon ion, and a hydrogen 
ion, and forming the precise DLC film. 

[0010] In the above-mentioned manufacture approach, a permanent magnet or an electromagnet is arranged 
inside the main roller for sticking and transporting the tape on which this magnetic-recording medium was 
formed, a magnetic field is produced near [ a tape front face ] this, and this reinforces the plasma. 
[001 1] Impress the RF potential of 100kHz - 13.56MHz to the above-mentioned main roller, make discharge 
cause between the anode plates arranged so that this main roller and it may be countered, coal-for-coke-making- 
ized hydrogen gas is made to disassemble, and a tape front face is made to produce a negative auto-bias 
electrical potential difference. 

[0012] As the above-mentioned coal-for-coke-making-ized hydrogen gas, although there is especially no limit, 
please choose, it shifts from methane, ethane, a propane, butane, a pentane, a hexane, a heptane, an octane, 
NANON, Deccan, an undecane, a desirable dodecane and desirable saturated hydrocarbon like an eicosane or 
ethylene, acetylene, a propylene, unsaturated hydrocarbon like methylacetylene or benzene, toluene, and 
aromatic hydrocarbon like naphthalene, and the simple substance gas from that hydrocarbon or those mixed gas 
may be used. They are methane, ethylene, acetylene, and benzene still more preferably. 
[0013] The simple substance gas or those mixed gas of hydrogen, nitrogen, oxygen, or an argon may be 
introduced into installation and coincidence of the above-mentioned coal-for-coke-making-ized hydrogen gas. 
[0014] In the manufacturing installation of the magnetic-recording medium protective coat of this invention, the 
main roller and anode plate for sticking and transporting this tape into ****** which has an exhaust air system 
are arranged, a magnet is arranged inside this main roller, and it is characterized by being fixed and this magnet 
becoming so that it may not rotate with a revolution of this main roller. 

[001 5] This main roller is countered, an anode plate is arranged, make discharge cause between this main roller 
and this anode plate, coal-for-coke-making-ized hydrogen gas is made to disassemble, and the front face of this 
tape is made to produce a negative auto-bias electrical potential difference in the above-mentioned 
manufacturing installation with the RF potential impressed to this main roller. 

[0016] As for the above-mentioned anode plate, it is desirable to have two or more blowout holes for 

introducing coal-for-coke-making-ized hydrogen gas in ******. 

[0017] 

[Embodiment of the Invention] A magnet is arranged behind the cathode in the plasma-CVD method at the time 
of forming the DLC film, and it is made for some of closing and line of magnetic force of the line of magnetic 
force to become in parallel with a cathode side with the equipment for enforcing the magnetron plasma-CVD 
method used according to this invention. By this, an electron is caught near the cathode, the current by the 
electron closes near the cathode, the so-called magnetron discharge continues, and decomposition of the 
hydrocarbon gas as reactant gas is reinforced further. The schematic diagram when forming the DLC film on a 
transit tape with winding vacuum evaporationo equipment by this approach is shown in drawing 1 . 
[0018] As shown in drawing 1 , after transporting the vacuum evaporationo magnetic-recording tape 2 through 
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the medium roller 4 and the expanded roller 5 from the send roller 3 to the main roller 6 into ****** 1 and 
passing along the main roller 6, it is running through the expanded roller 7 and the medium roller 8 so that it 
may be wound around the rolling-up roller 9. Many magnets 10 are being arranged and fixed to the interior of 
the main roller 6 on the magnetic-substance yoke 1 1 by the pair. Even if the main roller 6 rotates, it is fixed and 
these magnetic-substance yokes 1 1 and magnets 10 are held so that it may not rotate in connection with it. RF 
potential is impressed to the main roller 6 from RF generator 12, it is made cathode, and coal-for-coke-making- 
ized hydrogen gas is introduced into the front face of the magnetic-recording tape 2 through the material gas 
inlet 14 from the anode plate 13 equipped with two or more introductory holes which countered this main roller 
and have been arranged. If it does in this way, high frequency discharge will be maintained and magnetron 
discharge will happen with a magnet 10 in the place where the magnetic flux of the exterior of the main roller 6 
exists. 

[0019] The enlarged drawing of the magnet arrangement in the equipment shown in drawing 2 at drawing 1 is 
shown, the fixed magnetic-substance yoke 1 1 — a magnet pair — pair arrangement of much 10 is carried out, 
and magnetron discharge is generated by each of that magnet pair near the front face of the magnetic tape 2 it 
runs with the electron caught by the magnetic flux generated through the main roller 6 of non-magnetic 
material. 

[0020] In addition, although the main rollers are a vacuum tank wall and this potential, the revolving shaft 20 
and the vacuum tank wall 21 of the main roller 6 are combined through an insulating material 22, and RF 
potential is made to be impressed from RF generator 12 in such the condition in usual winding vacuum 
evaporationo equipment so that clearly from drawing 3 which has shown a part of conceptual diagrams of the 
equipment of drawing 1 in this invention. Moreover, it rolls round in the send roller 3 in drawing 1 , the 
medium rollers 4 and 8, the expanded roller 5, and 7 rows, and a roller 9 is also insulated electrically [ the 
vacuum tub 1 ]. 

[0021] According to this invention, by arranging a magnet behind the cathode in a plasma-CVD method, 
magnetron discharge arises, discharge decomposition of the reaction hydrocarbon gas which MARAZUMA is 
reinforced by this and serves as a raw material of the DLC film is strengthened, and the formation rate of the 
DLC film becomes remarkably large. Moreover, for high frequency discharge, a negative auto-bias electrical 
potential difference arises, coal-for-coke-making-ized hydrogen gas decomposes by that cause on a vacuum 
evaporationo magnetic tape, it is drawn at high speed by the hydrocarbon ion kind (CnHm+ ion kind) and C+ 
and H+ ion which were generated, and the precise DLC film is formed. Thus, according to this invention, 
formation of the DLC film which is hard and is rich in lubricity with the speed with which it is satisfied of 
1 000-30000 Am/min in dynamic membrane formation rate needed by vacuum evaporationo magnetic tape 
protective coat manufacture enough is attained. Since many magnet pairs are arranged and a tape runs at high 
speed, the homogeneity of the thickness of the DLC film of the transit direction is good. Moreover, distribution 
will become very good by arranging each magnet continuously vertically in space also about the thickness of 
the tape width direction vertical to the transit direction, as shown in drawing 2 . 

[0022] In addition, as a raw material of the hydrocarbon gas as the above-mentioned reactant gas, aromatic 
hydrocarbon, for example, benzene, toluene, naphthalene, etc. are used, and it deals in unsaturated hydrocarbon, 
for example, ethylene, such as the paraffin hydrocarbon, for example, the methane, the ethane, the propane, the 
butane, the pentane, the hexane, the heptane, the octane, NANON, Deccan, an undecane, a dodecane, an 
eicosane, etc. of the straight chain which is saturated hydrocarbon, a propylene, acetylene, methylacetylene, etc. 
The gas from the hydrocarbon chosen from methane, ethylene, acetylene, benzene, etc. is used preferably, and it 
gets. 

[0023] For the improvement of the DLC film, in addition to the above-mentioned reactant gas, independently 
[ gas /, such as hydrogen, nitrogen, oxygen, and an argon, ], these gas may be mixed and you may introduce 
simultaneously from another path through a material gas inlet. 

[0024] Generally the frequency of the RF generator used by this invention is 50kHz - 27.12MHz, and is 100kHz 
- 1 3 .56MHz preferably. 

[0025] Moreover, the magnet arranged behind cathode as described above may be a permanent magnet, or may 
be an electromagnet. 

[0026] Moreover, as a magnetic-recording medium currently formed in the above-mentioned magnetic tape 
used by this invention, although there is especially no limit, they are ferromagnetic metal thin films, such as Co, 
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Co-Ag, Co-Cr, Co-germanium, Co-Hf, Co-Mo, Co-Nb, Co-Os, Co-O, Co-P, Co-Ru, Co-Si, Co-Sm, Co-Ta, Co- 
Ti, Co-V, Co-W, Co-Zr, Co-nickel, Co-nickel-O, Co-Cr-Nb, Co-nickel-Pr, and Co-nickel-Pr-O, for example. 
[0027] 

[Example] Hereafter, although the example of this invention is explained, this invention is not restricted to these 
range. 

[0028] (Example 1) In this example, the DLC film was first formed with the winding vacuum evaporationo 
equipment of drawing 1 . Ethylene gas was introduced from the material gas inlet 14 after exhausting the 
vacuum tub 1 to a 10-3Pa grade, and it was made the pressure of 26Pa. Then, the DLC film was formed through 
and here and the tape which vapor-deposited Co in thickness of about 1000A as a magnetic-recording medium 
was rolled round for the main roller 6 on the rolling-up roller 9 through the expanded roller 7 and the medium 
roller 4 after film formation, after passing the expanded roller 5 subsequently, the bombardment room 1 5 for the 
medium roller 4 and surface washing, and. Formation of the DLC film impresses the high frequency potential of 
13.56MHz to the main roller 6, made magnetron discharge cause, reinforced discharge disassembly of ethylene 
further by that cause, and was performed by being already and forming the DLC film on a vacuum evaporationo 
magnetic tape at a membrane formation rate. In addition, the wafer of a silicon wafer was fixed on the tape for 
thickness measurement, and it was made to run simultaneously. The dynamic membrane formation rate when 
this changes a tape travel speed was found. The thickness and the dynamic membrane formation rate when 
changing a travel speed are shown in a table 1 . 
[0029] 









(o/oin) 


(A) 


( A o/nin) 


60 


130 


7800 


40 


200 


3000 


20 


380 


7600 


10 


770 


7700 



[0030] Corresponding to a tape travel speed changing to 10 m/min from 60 m/min, the thickness of the DLC 
film is 770A from 1 30A so that clearly from a table 1 . the dynamic membrane formation rate is filling enough 
1000-3 0000 Am/min in dynamic membrane formation rate of the DLC film demanded by the production scale 
as a vacuum evaporationo magnetic tape protective coat which is 7600-8000Am/min and was mentioned above, 
and can use it — it is already and has a membrane formation rate. Moreover, it turned out that thickness 
distribution of the tape width direction is also very good. 

[0031] (Example 2) In this example, fixing a silicon wafer to the location where magnetron discharge arises in 
each magnet pair of drawing 2 , discharge disassembly of ethylene is reinforced, and a membrane formation rate 
becomes large, the thick film was formed on the same conditions as the above-mentioned example 1, and the 
hardness was measured. 5 sets of magnet pairs — corresponding — thickness ~ respectively — 15500, 16100, 
15900, and 16200 or 15800A — it is — 50mg of loads — minute indentation hardness was overly 1 10 and 
120,100,1 10,1 10, respectively. Such hardness is equivalent to two or more [ 2000kg //mm ] Vickers hardness 
numbers, and the dramatically hard thing was checked. Therefore, the abrasion resistance which was excellent 
also about the about 100A thin DLC film formed on the vacuum evaporationo magnetic tape is expectable. 
[0032] (Example 3) Although the operation technique in this example was the same as the example 1, methane, 
acetylene, and benzene were used as reactant gas. In the case of methane and acetylene, the dynamic membrane 
formation rate at this time was about 5200Am/min. moreover, the very big dynamic membrane formation rate at 
about 32000 Am/min in the case of benzene — becoming — 4 times in the case of ethylene — it was already and 
was a membrane formation rate. Therefore, if the approach of this invention is used, even if it uses any of 
methane, ethylene, acetylene, and benzene, it is possible to be already and to form the DLC film as a vacuum 
evaporationo magnetic tape protective coat by the winding vacuum evaporationo method at a membrane 
formation rate. Thus, it can also carry out adjustable [ of the dynamic membrane formation rate ] to arbitration 
by changing the class of reactant gas. 
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[0033] (Example 4) Although the operation technique in this example was the same as the example 1 , hydrogen 
gas was introduced into the ethylene with a partial pressure of 26Pa and coincidence as reactant gas to the 
partial pressure of 26Pa for the improvement of the membraneous quality of the DLC film. The tape travel 
speed was made into 60 m/min. Although the dynamic membrane formation rate at this time is about 
4000Am/min and it decreased compared with the case where hydrogen is not introduced, the dynamic 
membrane formation rate found by the production scale of the vacuum evaporationo magnetic tape protective 
coat of the DLC film is secured. Moreover, minute indentation hardness is about 120 GPa(s), and is overly in 
the inclination whose hardness increases a little compared with the case of the thick film DLC to the fixed 
silicon substrate performed like the example 2 where hydrogen is not introduced. 
[0034] (Example 5) Although carried out by the example 1 and this technique, the partial pressure of the 
ethylene as reactant gas was set to 3.9Pa. The dynamic membrane formation rate at this time is about 
lOOOAm/min, and although it becomes small compared with the case where an ethylene partial pressure is 26Pa, 
it is usable within the limits. Thus, it can carry out adjustable [ of the dynamic membrane formation rate ] to 
arbitration by changing the amount of installation of reactant gas. 

[0035] (Example 6) Although the frequency of the RF generator used in the examples 1-5 was 13.56MHz, in 
this example, the DLC film was produced on the same conditions as an example 1 and an example 2 using the 
100kHz RF generator with a frequency lower than it. The dynamic membrane formation rate of the formed coat 
was about 7600Am/min, and minute indentation hardness was overly 1 lOGPa extent. These values are 
equivalent to the property of the DLC film generated using the 13.56MHz frequency. 

[0036] In addition, as paraffin hydrocarbon of the straight chain which is saturated hydrocarbon, as ethane, a 
propane, butane, a pentane, a hexane, a heptane, an octane, N ANON, Deccan, an undecane, a dodecane, an 
eicosane, and unsaturated hydrocarbon, as a propylene, methylacetylene, and aromatic hydrocarbon, also when 
the gas from toluene and naphthalene is used, the same result is obtained instead of the methane used as reactant 
gas in the above-mentioned example, ethylene, acetylene, and benzene. 

[0037] In the above-mentioned example 4, although the hydrogen gas other than reactant gas was 
simultaneously introduced for the improvement of the DLC film, even if it mixes these gas and introduces 
nitrogen, oxygen, and an argon independently as gas replaced with it, the same result is obtained. 
[0038] Although the frequencies of the RF generator used in the example are 13.56MHz and 100kHz, even if it 
uses this middle frequency, the same result is obtained instead of this. 

[0039] Although the magnet arranged behind the cathode used in the example is a permanent magnet, the same 

result is obtained even if it uses an electromagnet instead of it. 

[0040] 

[Effect of the Invention] In the plasma-CVD method which forms the DLC film as a magnetic-recording 
medium protective coat according to this invention A magnet is arranged inside the main roller for rotating and 
transporting a tape. Since it is characterized by fixing the magnet so that it may not rotate with the main roller, 
producing a magnetic field near the tape front face by that cause, impressing RF potential to the main roller, and 
making magnetron discharge maintain It is reinforced, and decomposition of the hydrocarbon gas which is a 
raw material is performed efficiently, therefore the formation rate of plasma of the DLC film is very large 
compared with a conventional method. Moreover, since a negative auto-bias electrical potential difference 
occurs in a vacuum evaporationo magnetic tape front face, a hydrocarbon ion kind, carbon ion, and a hydrogen 
ion are already, and incidence is carried out at a rate, therefore the precise DLC film is formed, and it becomes 
the coat excellent in hard lubricity. 

[0041] As stated above, this invention enables manufacture by the production scale for the DLC film as a 
protective coat of a magnetic-recording medium using winding vacuum evaporationo equipment. 
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